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I n t  roduc t i on 

Innerva t ion  of blood vessels and t h e i r  surrounding smooth muscle 

l a y e r s  have received much a t t e n t i o n  f o r  many years ,  and w h i l e  d i r e c t  

innerva t ion  of t he  endo the l i a l  cells has not  previously been described 

wi th  t h e  e l ec t ron  microscope, Rauber-Kopsch (2) suggested i n  1941 t h a t  

nerves  penetrated i n t o  the endothelium. A more recent  review of cutaneous 

blood vesse l s  by Weddell (5) s t a t e s  t h a t  nerve axons have not been observed 

by e l e c t r o n  microscopy t o  e n t e r  smooth muscle cel ls ,  or any o the r  ce l l  

forming t h e  wal l  of t h e  blood vesse ls .  Rhodin (4) has  s ince  shown, however, 

t h a t  axons do make membranous contact  w i t h  smooth muscle cel ls  of a r t e r i o l e s ,  

t e rmina l  a r t e r i o l e s ,  and p recap i l l a ry  sphinc ters .  Accordingly, some of t h e  

nerves  penetrated the smooth muscle l a y e r s  and came i n t o  c l o s e  appos i t ion  

with t h e  endo the l i a l  cells ,  and a basement membrane remained between the  t w o  

s t r u c t u r e s  and no spec ia l ized  ending was observed making contac t  w i t h  t h e  

e n d o t h e l i a l  cel ls .  Rhodin f u r t h e r  s t a t e s  t h a t  "axons i n  t h e  a d v e n t i t i a  near  

t h e  smooth muscle sur face  a r e  o f t e n  free of Schwann c e l l  cytoplasm and a s  

they  t r a v e r s e  the connective t i s s u e  space, they  a r e  surrounded by a basement 

membrane. 

t he  nerve bundle, surrounded by a basement membrane and unaccompanied by any 

Schwann ce l l  cytoplasm. Special ized f inge r - l i ke  p ro jec t ions  were observed a t  

the  end of t h e  neurons which penet ra te  the basement membrane of the c a p i l l a r y  

endothelium and come i n t o  membranous contac t  with t h e  e x t e r n a l  plasma membrane 

of the endo the l i a l  c e l l s .  

Ma te r i a l s  and Methods 

I ?  I n  t h e  present  s tudy s ing le  neurons w e r e  a l s o  seen separated from 

For ty  young a d u l t  f e r r e t s  obtained f r m  t h e  Gilman Marshall  F e r r e t  Ranch 

(North Rose, N.Y.) were a v a i l a b l e  f o r  the s tudy.  They were maintained on a 

d i e t  of canned dog food (Ken-L-Ration) p r i o r  t o  s a c r i f i c e  by an overdose of 
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e the r .  The stomach was removed from t h e  animal during anes thes ia  and cu t  

along t h e  g r e a t e r  curva ture  and washed quickly i n  physiologic  s a l i n e  t o  

remove debr i s .  

buffered t o  a pH of 7.4 with Verona1 a c e t a t e  conta in ing  7.86% sucrose.  

Other sl ices were f ixed  i n  5% glutaraldehyde so lu t ion  buffered with cacodylate  

t o  a pH of 7.4. Tissue  f ixed  i n  glutaraldehyde was subsequently washed i n  

s e v e r a l  changes of cacodylate buffer  conta in ing  7% sucrose p r i o r  t o  r e f i x a t i o n  

i n  1% Os04. A l l  t i s s u e s  were rap id ly  dehydrated i n  a graded s e r i e s  of e thanol  

and embedded i n  Maraglas (1). Sect ions w e r e  cu t  on a Porter-Blum MT2 u l t r a -  

microtome, placed on uncoated copper g r i d s ,  s t a ined  with lead c i t r a t e  (3) and 

observed with a P h i l i p s  200 e l ec t ron  microscope. 

R e s u l t s  

4 
Small sl ices of t i s s u e  $ x 2 x 3 mm w e r e  f ixed  i n  1% O s 0  

Many small  amyelinated nerve bundles were observed i n  t h e  lamina propria  

underlying t h e  g a s t r i c  mucosa of t h e  f e r r e t  stamach. Nerves a r e  surrounded 

or p a r t l y  surrounded by t h e  cytoplasm of an assoc ia ted  Schwann c e l l  (Fig.  1). 

A small  percent  of t h e s e  neurons conta in  dense granules  a s  w e l l  a s  small ,  

smooth-membraned v e s i c l e s  (Fig. 1). Indiv idua l  neurons vary g r e a t l y  i n  

diameter and may conta in  mitochondria (F igs .  1 & 2 ) .  Occasionally a s i n g l e  

axon may be observed separated from the  main group of nerves ,  not assoc ia ted  

with any Schwann c e l l  cytoplasm but surrounded by a basement membrane 

(Fig.  2) . 
which a lso possess  numerous p inocyto t ic  v e s i c l e s  (Figs .  1, 3, & 4 ) .  A 

prominent basement membrane i s  located along t h e  o u t e r  su r f ace  of t h e  

c a p i l l a r y  endo the l i a l  c e l l s  (Figs.  1, 3, & 4) .  A c a p i l l a r y  pe r i cy te  may be 

close t o  t h e  endothelium but with a basement membrane between it and t h e  

endothelium (Fig.  1). Many p inocyto t ic  v e s i c l e s  a r e  seen along the plasma 

membrane on t h e  s i d e  of t h e  pericyte which i s  away from t h e  c a p i l l a r y  (Fig.  1). 

The small  nerve bundles f requent ly  p a r a l l e l  f e n e s t r a t e d  c a p i l l a r i e s  
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Attenuated po r t ions  of i n t e r s t i t i a l  cel ls  a r e  a l s o  seen c l o s e  to  t h e  

c a p i l l a r i e s  and nerves (Fig.  1 ) .  

Occasionally one observes a very small  f a s c i c l e  of nerves c o n s i s t i n g  

of t w o  or t h r e e  neurons and a small amount of Schwann c e l l  cytoplasm. I n  

F igu res  3 and 4 such a f a s c i c l e  of nerves has  been c u t  i n  s e r i a l  s e c t i o n  

with seve ra l  s ec t ions  missing between t h e  two f i g u r e s .  There a r e  t h r e e  

neurons i n  the  bundle; one has  c l e a r l y  l e f t  t h e  Schwann ce l l  and come i n t o  

c l o s e  contac t  with t h e  e x t e r n a l  plasma membrane of t h e  c a p i l l a r y  endothelium. 

Finger- l ike p ro jec t ions  extend from the  end of t h e  neuron and pene t r a t e  

through the  basement 

(Figs.  3 & 4) .  

Discussion 

Direct innervat  

membrane 

on of enc 

t o  make a membranous contac t  with t h e  c a p i l l a r y  

o t h e l i a l  cel ls  has  not been previously describec. 

a t  t h e  e l ec t ron  microscope l eve l .  While endo the l i a l  c e l l s  have been shown t o  

possess  f i l amen t s  s imi l a r  t o  t h e  myofilaments of smooth muscle (4) they  have 

not  been shown t o  con t r ac t  a c t i v e l y .  

W e  regard t h e  neurons making membranous contac t  with t h e  endothelium 

a s  a f f e r e n t  sensory f i b e r s  which possibly respond t o  s t i m u l i  contained i n  t h e  

blood. I t  should be noted t h a t  t h e  c a p i l l a r y  endothelium i n  t h e  lamina 

propr ia  of t h e  stomach i s  f enes t r a t ed  and possesses  numerous p inocyto t ic  

v e s i c l e s  a s  w e l l  and thus  presumably t h e  nerve endings would be presented 

quickly with chemical or hormonal changes i n  t h e  blood. Since it  i s  w e l l  known 

t h a t  g a s t r i c  s ec re t ion  i s  markedly influenced by hormones produced lower i n  the  

d i g e s t i v e  t r a c t ,  t h i s  type of de tec t ion  mechanism might be important i n  r egu la t ing  

a r e f l e x  mechanism respons ib le  f o r  such g a s t r i c  c o n t r o l .  Another p o s s i b i l i t y  

i s  t h a t  t h e  nerve endings descr ibed a r e  p ressure-sens i t ive  and a r e  l inked v i a  

a r e f l e x  t o  the  p recap i l l a ry  sphinc ters  permi t t ing  a feedback t o  t h e  sph inc te r .  
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Fig .  1. A small  bundle of amyelinated neurons (N) separated i n  f o l d s  of 

cytoplasm of a Schwann ce l l  (SI. Some of t h e  neurons (ND) conta in  dense 

granules  w h i l e  o t h e r s  have only small  smooth-membraned v e s i c l e s .  A 

basement membrane (EN) surrounds the  c a p i l l a r y  endothelium and a pe r i cy te  

(P) i s  seen c l o s e  t o  t h e  c a p i l l a r y .  Note p inocyto t ic  v e s i c l e s  along t h e  

plasma membrane of  t h e  pe r i cy te  on t h e  s i d e  d i s t a l  t o  t h e  c a p i l l a r y .  

x 20,000. 

F ig .  2.  A s i n g l e  neuron (N) i s  seen a t  t h e  lower r i g h t ,  separated from 

t h e  rest of a small f a s c i c l e  of nerves. Note t h e  basement membrane (BM) 

surrounding t h e  s i n g l e  neuron a s  w e l l  a s  t h e  e n t i r e  bundle. Schwann ce l l  

cytoplasm (SI i s  seen i n  t h e  bundle but does not  accompany t h e  s i n g l e  

neuron. Mitochondria (MI. x 34,000. 

Figs .  3 and 4.  S e r i a l  s ec t ions  of th ree  neurons (N), one of which has  

separated from the  Schwann c e l l  (S) and come i n t o  c l o s e  contac t  with t h e  

endothelium of a c a p i l l a r y .  Note the  f inge r - l i ke  p ro jec t ions  a t  t h e  end 

of t h e  neuron which penet ra te  t h e  basement membrane (BM). The arrows 

i n d i c a t e  si tes of c a p i l l a r y  f e n e s t r a t i o n .  A p a r i e t a l  cel l  (PC) of t h e  

g a s t r i c  mucosa i s  seen a t  t h e  l e f t  edge of t h e  micrograph. x 22,000. 
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